We study experimentally bargaining in a multiple-tier supply chain with horizontal competition and sequential bargaining between tiers. Our treatments vary the cost difference between firms in tiers 1 and 2, with larger cost differences reflecting increased bargaining power. We measure how these underlying costs influence the efficiency, negotiated prices and profit distribution across the supply chain, and the extent to which these outcomes are influenced by personal characteristics such as risk aversion, altruism, selfishness, inequity aversion and social welfare concerns. We find that Retailer profits are hurt by decreased competition in either the Manufacturer or the Supplier tier. Additionally, Manufacturers and Suppliers benefit by decreased competition in their tier, while Manufacturers are hurt by decreased competition in the Supplier tier. We find that the Balanced Principal model of supply chain bargaining does a good job explaining our data, and significantly out performs the common assumption of leader-follower negotiations. Finally, we find that the structural issue of cost differentials dominates personal characteristics in explaining outcomes.
I. Introduction
In the Operations Management literature, supply chain management as a field of study evolved from multi-echelon inventory and control theory via the recognition of the parochial interests of each firm in the chain. That is, the coordination of the activities of multiple independent firms to maximize total social value is not automatic, due to the private profitability interests of each. Firms recognize that by cooperating on material and information flows they can create value for society, but each also wishes to capture as much of that value as possible for their private use. The mechanisms by which this tension is managed vary broadly, from detailed legal contracting to more informal relationships. Managing this * Ross School of Business, University of Michigan † Ross School of Business, University of Michigan issue of social value versus private gain is central to supply chain management research. Arshinder et al. (2008) catalog representative papers in this area, and Cochon (2003) reviews coordination through choosing the appropriate inter-firm contract form. These, and the references there, provide an overview of current perspectives and approaches.
Scholarly analyses of supply chains focus on issues of efficiency (are chain-wide profits maximized by the choices made by the independent firms?) and distribution (how are the chain-wide profits distributed along the chain?). The former is important from a social perspective (are resources appropriately allocated?) and the latter is important from a firm perspective (understanding the profitability consequences of alternative actions is necessary to advise managers). The answers to these questions remain unclear. Indeed, in many supply chain contexts of practical importance inter-firm negotiations can best be described as small numbers bargaining, an enduringly difficult yet fundamentally important economic context. Yet we will not really understand supply chains and their efficiency and distributional characteristics without understanding how inter-firm negotiations determine which firm(s) get the contract(s) and at what prices. This paper contributes to our body of knowledge by experimentally exploring these questions in the context of one common supply chain structure, but for which theory is new and no behavioral evidence yet exists.
Our supply chain setting
Supply chains formed for different purposes generally differ in their structural dependencies. For example, assembly operations in which an OEM must contract with at least one supplier for each of several components differ from retailers who can choose which portfolio of products to stock, and both of these differ from an OEM who contracts with a single tier 1 aggregator who in turn contracts with tier 2 supplier(s), etc. Our experimental set-up is designed to represent one common multi-tier supply chain context. An OEM designs a new product and wishes to bring it to market, but does not have ownership or control over all of the resources required to make that happen. The product is sufficiently new that the OEM is, at least temporarily, a monopolist vis-a-vis its customers. The OEM will send out a request for quote (RFQ) to multiple tier 1 suppliers. The tier 1 suppliers turn around and negotiate with their (tier 2) suppliers to get a better idea of their possible supply costs. The tier 1 -tier 2 negotiations end with an understanding of what they will do if they get the business from the OEM. Once their supply costs are known, the tier 1 firms respond to the OEM's RFQ, and then potentially further OEM -tier 1 negotiations ensue. The chain forms when the OEM selects a tier 1 supplier to do business with at an agreed upon price, and the tier 1 supplier selects a tier 2 supplier to do business with at their agreed upon price. We assume that there are sufficient economies of scale in supply that a single tier 1 supplier will be chosen by the OEM, and likewise a single tier 2 firm will be selected by the active tier 1 firm, so that that the final chain consists of three firms (and implicitly the suppliers to tier 2, as described below).
This situation, with an OEM selecting a single tier 1 partner from several options via an RFQ and subsequent negotiations, and the tier 1 firms behaving similarly vis-a-vis tier 2, is common in practice when the downstream tiers in the supply chain are performing product-specific activities. Somewhere upstream in the chain (in our experiments this is after tier 2) inputs become more generic, competition more perfect, and firms can source inputs at something approximating a common market competitive price. This situation, with sole-sourcing downstream and competitive markets upstream, is representative of, but not limited to, the high tech, consumer products and services, entertainment, food, furniture, large complex engineered products, and automotive industries (see Lovejoy 2010a) .
The specific structure we analyze is shown in Figure 1 . For ease of interpretation we label the OEM interfacing with the public as the retailer, the tier 1 firms as manufacturers and the tier 2 firms as suppliers, which intuitively signals the appropriate chain relationship of supplier to manufacturer to retailer. In our experiments there are two suppliers and two manufacturers, all with potentially different costs. c 1 s and c 2 s are the supply costs for suppliers 1 and 2, respectively (these include their costs of upstream supply and value adding We use our experiment to ask the following questions: (a) will the efficient firms become active in the final contracts, (b) what will the distribution of profits be throughout the chain, and what features drive this, and (c) does the answer to (b) conform with existing theory? To the authors' knowledge this is the first time these questions have been addressed in a three-tier supply chain experiment. Additionally, identifying empirical regularities and validating existing theory provides a foundation upon which to base future studies.
We experimentally vary the differences in the value-adding costs within the manufacturer and supplier tiers in order to study how the amount of horizontal competition within a tier affects the efficiency and distribution of profits within the supply chain. Tiers that have a small difference in the value-adding costs of the firms will be highly competitive, and hence should have low bargaining power, while tiers that have a large difference will be uncompetitive and should have high bargaining power. Intuitively, a manufacturer that is bargaining with two suppliers with identical costs can play the two suppliers against each other and push the price down towards their reservation value. Conversely, if one supplier has a large cost advantage over the other he can match any competing offer while still maintaining a substantial profit. Hence we expect that the cost difference within a tier should be an important factor influencing the distribution of profits -in particular we expect that profits shoudl flow away from tiers with low cost differences (high competition) towards tiers with high cost differences (low competition). Furthermore, existing theoretical models of supply chain bargaining (such as leader-follower models and the Balanced Principal solution, described below) differ in their predictions about the impact of horizontal competition on the profit distribution.
Additionally, we make a methodological contribution by studying free-form bargaining between firms in the supply chain. Most of the existing behavioral operations experiments that study supply chain contracting (e.g. Lim and Ho 2007 , Loch and Wu 2008 , Ho and Zhang 2008 use ultimatum style bargaing -however Haruvy et al. (2012) show that supply chain coordination improves substantially when firms can use a more flexible bargaining format. Unstructured bargaining is both more realistic and allows greater scope for structural factors such as cost differences to impact the resulting outcomes (e.g. a firm's ability to make and receive multiple offers overtime gives greater opportunities to push the firms in the other tier to match offers).
Our results
As expected, we find that supply chain efficiency is high in all cost treatments, and that horizontal competition significantly influences the distribution of profits within the supply chain. Retailer profits decrease when either the manufacturer or the supplier tier becomes less competitive. Manufacturer profits increase when the manufacturer tier becomes less competitive, and decrease when the supplier tier becomes less competitive. Supplier profits similarly increase with less within-tier competition, but are not changed by manufacturer costs. The Balanced Principal solution explains the data quite well. The differences between treatments and the relative profits between tiers largely match the predictions, however the point predictions assign slightly too much profit to the retailer. Furthermore, in predicting the outcomes of the retailer-manufacturer negotiations the Balance Principal solution significantly outperforms the assumption of either retailer leadership (i.e. assuming the retailer makes a "take it or leave it" offer) or manufacturer leadership. This lends further support to existing evidence that in small numbers bargaining situations, the popular leader-follower frameworks for analysis underperform relative to more bargaining-based frameworks that predict a less extreme distribution of wealth.
II. Experimental Design
We developed a laboratory Supply Chain Game with free-form bargaining to study how horizontal competition affects the efficiency and distribution of profits in a multi-tier supply chain. We studied a 2 × 2 × 1 supply chain, consisting of two suppliers, two manufacturers and a retailer. Subjects were randomly assigned to one of these three roles, which they keep throughout the experiment. The retailer needed to establish a supply chain with one manufacturer and one supplier to bring a single unit of a good to the retail market. If the retailer could form a supply chain he received a fixed revenue R of $40. Each supplier and manufacturer had a cost of $5, $15 or $25 for their value-adding activities. In order to form a supply chain the retailer needed to negotiate a transfer price for a supply contract with a manufacturer, who in turn needed to have a supply contract with a supplier. Based on conversations with supply chain managers, we chose to have the supply chain game begin with the negotiations between the suppliers and manufacturers, followed by the negotiations between the manufacturers and the retailer (See Figure 1) .
A. Supply Chain Game Preliminaries
Subjects played a total of six periods of the Supply Chain Game. In each period subjects were randomly and anonymously matched in groups of five, consisting of two subjects with the supplier role, two subjects with the manufacturer role, and one subject with the retailer role. Suppliers and manufacturers were randomly assigned to be Supplier 1 or Supplier 2 (Manufacturer 1 or Manufacturer 2) in each period. Subjects were also informed of each player's cost or revenue.
B. Supplier-Manufacturer Bargaining
The two suppliers and two manufacturers simultaneously bargained, with the manufacturers attempting to negotiate a supply contract with a supplier. Each manufacturer negotiated separately with each supplier until he reached an agreement with exactly one of them. Each manufacturer could contract with just one supplier, but it was possible that a single supplier could end up supplying both manufacturers. See the Appendix for a screenshot of the negotiation stage.
The subjects had 6 minutes in the first period (4 minutes in later periods) to negotiate.
1
They could make numerical price offers 2 at any time, and could also send chat messages.
Only the recipient could see an offer or a chat message, although subjects were free to reveal that information using the chat window if they wished. An agreement was reached if a manufacturer accepted the last price offer from a supplier, or if a supplier accepted the last price offer from a manufacturer. However, subjects were required to wait until 2 minutes had elapsed before accepting an offer. 3 If one manufacturer struck an agreement the other manufacturer could continue negotiating with both suppliers.
C. Manufacturer-Retailer Bargaining
At the conclusion of the Supplier-Manufacturer negotiations, all the subjects were shown 1 We gave subjects 6 minutes in the first period to allow them to get comfortable with the computer interface and the bargaining procedures. The 4 minute deadline in later periods was sufficient to allow most groups to negotiate without extensive time pressures while avoiding indefinite stalling. 2 Subjects were only allowed to make or accept offers that would give them non-negative profits.
3 That is, during the first two minutes subjects can make price offers and send chat messages, but cannot accept an offer. We included this restriction based on earlier pilot sessions where we found that subjects would race to be the first to accept an offer rather than attempting to chat or negotiate. We felt that this time pressure was not reflective of typical negotiations, and was not our primary focus.
the agreed upon transfer prices and the new total costs for each manufacturer. The manufacturers then negotiated with the retailer for 6 minutes in the first period (4 minutes in later periods). A manufacturer could only participate in this negotiation stage if he came to an agreement with one of the suppliers. As in the previous stage, subjects could make numerical price offers or send chat messages at any time, and could accept an offer after the first two minutes. An agreement was struck when a manufacturer accepted the last offer from the retailer, or the retailer accepted the last offer from one of the manufacturers.
At the conclusion of the second bargaining stage all five subjects were informed whether a complete supply chain was formed, which firms were part of the chain, and what the negotiated prices were between the retailer and manufacturer (p rm ) and between the manufacturer and supplier (p ms ). Each subject's period payoff was calculated based on the results of the supply chain game. If a subject was not part of the final supply chain their period payoff was $0. For subjects in the supply chain their period payoff was calculated as follows:
Retailer:
D. Additional Tasks
After the Supply Chain game subjects played two additional tasks to measure individual risk and social preferences. The first task (based on Dohmen and Falk 2011) asked subjects to make fifteen choices between a 50-50 lottery between $0 and $4 or a fixed payoff that varied between choices (ranging from $0.25 to $3.75). The number of times the subject chose the fixed payoff provides a measure of risk aversion (where choosing the sure payoff more often indicates higher risk aversion).
The second task (based on Miller 2002 and Vesterlund 2001) involved five unilateral allocation decisions. For each decision subjects were asked to divide 50 tokens between themselves and another randomly selected anonymous participant. The five decisions differed in how much a token was worth to the allocator and to the recipient (ranging from $0.05 to $0.15). Based on the allocation decisions we can identify behavior consistent with several forms of social preferences, including selfishness, altruism, inequity aversion and social welfare maximization.
E. Experimental Treatments
We examined five different between-subjects cost treatments. In all cases the most efficient firms in a tier (i.e. Manufacturer 1 and Supplier 1) had a cost of $5. In our Base treatment we set the second firms to have a cost of $15 -hence they were at a $10 disadvantage relative to the most efficient firms. We then varied the level of competitiveness within a tier by increasing to $20 or decreasing to $0 the cost difference in either the manufacturer or supplier tier. This yielded five cost profiles, described in Table 1 .
III. Existing Theory and Experimental Literature

A. Efficiency
The supplier-manufacturer negotiations over supply partner and price are 2 × 2 (2 sellers, a Nash equilibrium. In contrast, Stigler (1942) and Fellner (1949) argued that an efficient solution would arise that maximizes total chain profits, but that the distribution of that profit along the chain is indeterminate. Their reasoning was that from any inefficient position there exists an alternative efficient solution that increases total chain profits and therefore offers a potential distribution of the additional surplus that can make everybody better off, stimulating its adoption. Coase's (1960) seminal arguments also support this efficiency claim. In general, with complete information what theory exists supports the expectation that with free-form negotiations the efficient firms will be active in the eventual supply contracts.
B. Distribution
The two generic approaches to predicting wealth distributions in small numbers bargaining contexts are noncooperative and cooperative game theory. The noncooperative approach generally seeks analytical tractability by specifying a detailed extensive form of the game (who talks, in which sequence?) and adopting Nash equilibria or a variant as a solution concept. This literature is dominated by models with two tiers only, and most often with one firm per tier (bilateral monopoly). Rather than extending simple models to multiple tiers and multiple actors per tier, research has focused on enriching bilateral models at the player level (for example, investigating the consequences of incomplete information or risk aversion). The authors know of no results in the non-cooperative literature, with either complete or incomplete information, that predict the distribution of profits in a more general supply chain with more than two tiers and more than one player per tier. One reason is that even for the simpler models there can be many possible equilibria with only extra-model rationales for preferring one over the other, and the nature of the equilibria tend to be very sensitive to the particular extensive form adopted in the analysis. This is disquieting given the less structured manner in which real negotiations appear to unfold.
Despite this, the noncooperative approach has advantages over the cooperative alternative and these likely explain the dominance of this approach in the extant literature. In a typical noncooperative model the sets of feasible actions for two players are distinct and declared in a predetermined sequence. The manufacturer, for example, may choose wholesale price and the retailer cannot contest that decision, or make a counter-offer. All the retailer can do is to choose actions in her feasible set, order quantity for example, in response to the price declaration from the manufacturer. This approach has some intuitive appeal, being familiar in many personal, and some industrial, purchasing situations. In However, it is often the case in the downstream stages of supply chains that negotiations ensue among a small number of qualified firms (for example two suppliers negotiating with two manufacturers over the terms of trade to respond to a retailer RFQ). In that setting, it
is not clear who should, or can, act as the leader or from whence such powers would derive.
To the authors' knowledge, there is no LF theory that informs those 2 × 2 negotiations 4 .
Only recently has there been a cooperative approach that makes predictions in this setting, as described below.
The lack of a theoretical prediction from the LF perspective for 2 × 2 negotiations prevents a comparison of our experimental results to noncooperative theory. However, the stage 2 manufacturer-retailer negotiations (which will feature either 2 × 1 for 1 × 1 negotiations) fall within a class of models that has been studied extensively from the LF perspective and which offers some predictions about the negotiated wealth distribution.
Being designated the leader confers substantial power and influence over the outcome of a game (the leader can anticipate the follower's reactions and craft her offers to exploit that anticipatory understanding). For example, with complete information a single retailer as leader facing multiple manufacturers (followers) would make a take-it-or-leave-it offer to the most efficient manufacturer, at that manufacturer's cost of supply, extracting all of the possible value in the chain for herself. In general, complete information LF models with a single leader predict extreme distributional outcomes. In our stage 2 setting, 2 × 1 or 1 × 1 negotiations with the retailer as leader will predict that the retailer takes all of the available wealth and no manufacturer makes any profit.
There is a variant of the LF paradigm that predicts less extreme outcomes, in which multiple leaders are allowed to make simultaneous offers to a single follower (an n × 1 "common agency" problem as in Bernheim and Whinston 1986) . In that case each leader's aggression in negotiations is checked by competition from other leaders. With complete information the noncooperative solution is for the most efficient leader to make a takeit-or-leave it offer to the single follower at a price equal to the indifference point of the next most competitive leader. So, in our stage 2 setting with two viable manufacturers as leaders facing a single retailer as follower, the noncooperative prediction would be for the efficient manufacturer to get the contract from the retailer, and to reap profits equal to the difference between his total costs and that of the less efficient manufacturer. If only one manufacturer is viable (for example if only one manufacturer closes a deal with a supplier) then the situation conforms to a standard 1 × 1 model in which the manufacturer as leader will take all of the available surplus. In our experiments we test the predictive power of both forms of LF model.
extensive literature on double auctions, for example Smith 1962 , which initially evolved to study the multilateral auction-trading mechanisms representative of stock, bond and commodities exchanges
The notion that one player is given the powers of a leader due to unstated, extra-model assumptions is not part of the general cooperative approach. Bargaining models do not, in general, grant extraordinary power to any player in way that is not driven directly by the model parameters reflecting the bargaining context. For example, the more attractive the outside option (that can be embraced in the event of a breakdown of negotiations) a player has, generally the better he will do in negotiations. If both players are symmetrical in that regard, they will (typically) divide the wealth equally.
While there are no clean predictions for our 2 × 2 negotiations in the noncooperative literature, but there are some in the cooperative literature. We use the umbrella term "cooperative game theory" broadly to refer to approaches to bargaining and negotiations that do not rely soley on assumptions of self-interest and Nash equilibria. Rather than proposing a detailed extensive form for interactions and attempting to predict their endpoint through a detailed analysis of the give-and-take over time, cooperative approaches tend to propose sets of conditions that a solution "should" satisfy, and then look for outcomes that satisfy these. This allows for some intuitively compelling outcomes that In the stage 1 (suppliers and manufacturers) negotiations, the Balanced Principal approach provides the most testable hypotheses. The BP solution is a refinement of both the core and VNM concepts. Generalized Nash bargaining and Shapely values are ill-suited to a context where one or more actors will be shut out of negotiations (that is, by their structure these solution concepts grant each firm some value, no matter how uncompetitive it is).
The BP solution was derived by explicitly considering the supply chain negotiation context (Lovejoy 2010b ).
We note, in closing, that there are other approaches to negotiations between two players or tiers, that we do not explore. These models can produce predictions that are sympathetic with bargaining outcomes. For example, Rubinstein's (1982) complete information alternating-offers model predicts, with symmetry of character between the two players and an infinite horizon, that they divide the surplus between them. Two-sided auctions tend to have multiple equlibria but some of these (with the proper mechanism for mapping bids into outcomes) can predict a non-extreme distribution of wealth. For example, Chatterjee and Samuelson (1987) analyze a simultaneous bid model with incomplete information, in which the players divide the spoils based on an exogenously specified weighted average of their bids. If either the buyer or seller is given full weight the model reduces to a LF model with a single take-it-or-leave it offer being made by the advantaged player. When the weights are the same, a situation that has intuitive appeal when all else is equal, the distribution of wealth is naturally more even. Consequently, the results here are not intended to pass a final judgment on the noncooperative versus cooperative approaches to supply chain outcomes. Rather, we wish to better understand those outcomes and their determinants, and test the predictive power of several distinct alternative existing theories.
C. Experimental Literature
There is an extensive history of experimental investigations of bargaining in both psychology (see Rubin and Brown 1975 and Bazerman et al. 2000 for surveys) and economics (see Roth 1995 for a survey) dating back more than 50 years. Siegel and Fouraker (1960) provide an early and extensive study of free-form bilateral monopoly bargaining, and study in particular the effect of information on bargaining outcomes. They find that increasing the information subjects have about each other's payoffs increases both the efficiency of the outcomes as well as the frequency of prices that yield equal payoffs. They conclude that insights from both economics and psychology contribute to explaining their experimental outcomes. Experiments also explored structured bargaining (e.g. Kelley et al. 1967) and multi-issue integrative bargaining (e.g. Pruitt and Lewis 1975) , with contextualized free-form multi-issue bargaining tasks becoming a common paradigm.
Bazerman et al. (2000) identify two major themes in the social psychology of bargaining in the 1960s and 1970s: individual differences and structural variables. They conclude that the evidence suggests that indvidual differences have a small effect on bargaining outcomes, and are generally outweighed by situational features (Ross and Nisbett 1991 , Thompson 1990 , Thompson 1998 . A number of structural variables have been shown to influence bargaining outcomes including representation of constituencies (Druckman 1967) , bargaining deadlines (Pruitt and Drews 1969) , and mediation (Pruitt and Johnson 1972) . However, Bazerman et al. argue that the psychology literature moved away from these structural factors because the effects were typically consistent with naive intuition and because these objective features of a negotiation are often beyond the control of an individual negotiator. Instead, more recent studies of negotiations in the behavioral literature focus on decision biases in negotiations and how individuals construe the negotiating environment, and emphasize strategies and guidance for individual negotiators. Prominent negotiation biases include increased concessions for positive versus negative framings , anchoring effects (Northcraft and Neale 1987) , overconfidence about obtaining favorable outcomes Neale 1982, Neale and , falsely assuming that the possible surplus is fixed and therefore missing out on Pareto improving agreements (Thompson and Hastie 1990), falsely assuming that the parties' interests are in conflict (Thompson and Hrebec 1996) , and having a self-serving bias in judging the fairness of outcomes (Thompson and Loewenstein 1992).
The early experimental economic literature also heavily used free-form bargaining, particularly to test the predictions of axiomatic bargaining theories (Nydegger and Owen 1975, Roth and Malouf 1979) and Coasean bargaining (Hoffman and Spitzer 1981) , as well as examining structural factors such as deadlines ) and individual characteristics such as risk aversion . Many experiments found that under free-form bargaining agreements it was very common for outcomes to equalize payoffs (under complete information) or tokens (under incomplete information about payoffs), see Roth and Malouf (1979) , Roth et al. (1981) , and Roth and Murnighan (1982) .
With the introduction of the Ultimatum Game by Güth et al. (1982) experiments examining structured sequential bargaining became popular as well, with follow up experiments
by Binmore et al. (1985) , Güth and Tietz (1988) , and Ochs and Roth (1989) (also see Bearden (2001) and Falk et al. (2003) for surveys of the literature on the Ultimatum Game). Güth et al. found that extreme offers were uncommon, and were frequently rejected, while fairer offers were most common and were generally accepted. Ochs and
Roth found that with two-period and three-period bargaining and across a range of discount rates the bargaining outcomes differ substantially from the LF perfect equilibrium outcome, with individuals often rejecting unfair offers (and frequently making disadvantageous counteroffers that gave the rejecter a lower absolute payoff, but a higher payoff share). Ochs and Roth conclude that many subjects will reject insultingly low offers, and that bargainers overall adapt their offers to account for these minimum thresholds. In a follow up paper Bolton (1991) replicates the four key patterns of Ochs and Roth (a first mover advantage, average offers deviating from the perfect equilibrium in the direction of equal division, frequent rejections, and frequent disadvantageous counteroffers), and uses them to formulate a model of fairness in bargaining. Similarly, experiments such as Neelin et al. (1988) that consider sequential bargaining with more rounds of negotiation also find significant deviations from the perfect equilibrium prediction.
A number of experiments have examined multi-party bargaining, including bargaining in networks. For example, in the psychology literature Thompson et al. (1988) and Mannix et al. (1989) examine agendas, decision rules and power balances in a three party negotiation, while Polzer et al. (1998) study coalition formation. Fréchette et al. (2003 Fréchette et al. ( , 2005a Fréchette et al. ( , 2005b test experimentally multilateral models of legislative bargaining, including the effects of selection rules and bargaining power. As in the bilateral bargaining case outcomes were frequently more egalitarian than noncooperative theory predicted. Charness et al. (2007) study negotiations in buyer-seller networks of different architectures. They find that the resulting bargaining outcomes are broadly consistent with the theoretical predictions about network structure, and that individual payoffs can change due to the addition of a distant link. Chakraborty et al. (2010) also examine the influence of network structure, and again find that an individual's payoff can be influenced by distant features of the network.
III. Hypotheses and Results
The various treatments in the experiments were designed to test theory-based hypotheses about efficiency and the distribution of profits in a supply chain resulting from negotiations between tiers in the chain. Most of the hypotheses are inspired by the Balanced Principal theory, because it is the only extant bargaining-based theory that provides whole-chain profitability predictions. Although the first stage of negotiations is conducted with some uncertainty regarding the outcome of the second stage of negotiations, the BP predictions (which are based on simultaneous joint determination of all transfer prices) are tested to see if they extend into this more complex, but realistic, context. There is no LF model that makes a clean prediction in the (stage 1) context of two principals and two agents (see the literature review for a discussion), or for whole chain profit profiles.
The second stage of negotiations is conducted with full information for all parties, and benefits from both BP and LF predictions. When applying LF models, the prediction will depend on who is designated the leader. The LF predictions will give either all surplus to the leader, or in the case of multiple leaders (a common agency problem) the efficient firm in the leadership tier will extract as much as the competition allows.
The BP solution to a multi-tier bargaining chain is unique if the difference in value-adding costs between the two most efficient firms in tier k, call this ∆c k , is nonincreasing as we move upstream in the chain (as k increases, see Lovejoy 2010b). In such solutions downstream firms for which the ∆c is so large that the second-best firm is not competitive function as a sequence of monopolists who divide their available surplus equally, and upstream firms (where ∆c is smaller, indicating real competition) have profits that vary with ∆c in that tier. That is, the theoretical prediction in the complex setting of multi-tier bargaining aligns with intuition, the efficient firm in a tier will get the contract and make profits that vary with the level of cost competition (∆c) in its tier.
We use five treatments (cases) to feature different combinations of ∆c in the manufacturer and supplier tiers, as shown in Table 1 . In all cases the revenue to the retailer (net of valueadding costs) equals 40. This experimental structure necessarily includes cases where ∆c increases going upstream (that is, cases where ∆c in the supply tier is greater than ∆c in the manufacturing tier, as in treatments MDiff0 and SDiff20) which admit non-unique BP solutions. However, it is still possible that all BP solutions share some testable attributes, as we describe below.
A. Do negotiations close? Do supply chains form? Does the rate of formation vary with horizontal competition?
With complete information and positive potential profits current economic theory based on (potentially constrained) self-interested behavior would predict 100% closure. Closure is implicit in early economists' claims of efficiency (e.g. Stigler 1942 , Fellner 1949 ) and in Coase's (1960) However, these theories would predict closure with complete information. Non-closure in experimental bargaining games (such as rejection in the Ultimatum Game) are generally explained through non-pecuniary motivations, such as concerns for fairness or spiteful punishment of selfish individuals.
In our experiment 89% of all trials ended up with complete supply chains (see Figure 2 ).
Failure to form a complete chain is partially driven by breakdowns in one of the pairs in 
B. Supply chain efficiency
By a repeat of the above arguments on closure, existing economic theory with complete information would predict that the efficient firms will be active in the final chain. If any one of these firms is excluded from a proposed contract, they can always make a more attractive offer to a member of their opposite (supplier or buyer) tier. In our multi-tier setting, however, there are two different ways to perceive efficiency. The first is ex-ante efficiency, which means that the low ex-ante (before stage 1 negotiations) value-adding cost firms are active in the final chain. After stage one negotiations, it is possible that a manufacturer with lower ex-ante costs must pay, due to poor bargaining skills, a higher input price from his supplier and has become the higher cost firm ex-post. Ex-post manufacturer efficiency would mean that the lowest (ex-post) cost manufacturer gets the contract from the retailer, ex-post whole chain efficiency means that the ex-post efficient manufacturer and supplier are both active in the final chain.
Ex-ante efficiency
Hypothesis (Ex-ante efficiency, suppliers): The ex-ante efficient supplier will be active in completed supply chains.
Hypothesis (Ex-ante efficiency, manufacturers): The ex-ante efficient manufacturer will be active in completed supply chains.
Hypothesis (Ex-ante efficiency, whole-chain): Both the ex-ante efficient supplier and exante efficient manufacturer will be active in completed supply chains.
We test these hypotheses by looking for significant statistical evidence that efficiency occurs at a rate greater than one would expect from random formation. For example to test ex-ante efficiency among suppliers we let x denote the fraction of completed chains in which the ex ante efficient supplier is active and test H 0 : x = .5 against the alternative
For ex-ante efficiency in the whole-chain we adopt as our null hypothesis independent random selection of firms in each tier. In cases where these are unique (MDiff and SDiff both > 0) we would expect 1/4 of them to be globally efficient, so letting x denote the fraction of completed chains that contain the ex-ante efficient firms in both the supplier and manufacturer tiers we test the null hypothesis H 0 : x = .25 against the alternative H A : x = .25.
The results by treatment and tier are shown in Figure 3 . The ex ante efficient suppliers are chosen with at least 80% probability in all treatments, and ex ante efficient manufacturers are chosen with at least 75% probability. In all cases efficiency is significantly higher than random selection would imply (p ≤ 0.01). Whole-chain efficiency is at least 60% in all treatments, significantly higher than with random selection (p < 0.01). There are no significant differences between treatments in the frequency with which the efficient supplier is selected. The MDiff20 treatment has significantly higher manufacturer efficiency than the other three treatments with different manufacturer cost differences 6 (p < 0.01), and similarly has higher joint efficiency (p < 0.01).
Ex-post efficiency
After the stage 1 negotiations close, the total cost (input price + value adding cost) is known for each manufacturer, giving the stage 2 manufacturers-retailer negotiations clean 5 We conservatively use two-sided tests throughout our analysis. 6 We do not use the MDiff0 treatment in any of the statistical tests for ex ante manufacturer efficiency, since every chain is efficient trivially. theoretical predictions. In stage 2 if there is just one viable manufacturer in a chain that closes, then efficiency is trivially assured. We exclude these trivial cases from our analysis, so all results for ex-post efficiency are based on negotiations that result in two viable manufacturers after stage 1. Noting that the ex-ante and ex-post efficient suppliers are the same, we test Hypothesis (Ex-post efficiency, manufacturers): The ex-post efficient manufacturer will be active in completed supply chains.
We test this by letting x denote the fraction of chains, among those that eventually close and for which the stage 2 negotiations include two viable manufacturers, for which the ex post efficient manufacturer is active, and test H 0 : x = .5 against the alternative
Hypothesis (Ex-post efficiency, whole-chain): Both the ex-post efficient supplier and expost efficient manufacturer will be active in completed supply chains. Let x denote the fraction of chains, among those that eventually close and for which the stage 2 negotiations include two viable manufacturers, for which both the ex post efficient supplier and manufacturer are active. We test H 0 : x = .25 against H A : x = .25.
The results are shown in Figure 4 . Both of the above null hypotheses can be rejected (p < 0.01), so the ex-post efficient manufacturer and ex-post efficient supplier-manufacturer pairs are significantly more likely to be chosen in all treatments. There were some differences among treatments. The MDiff20 case was significantly more likely to result in the efficient manufacturer being chosen relative to the other cases (p < .01 for all). This might be expected, since the efficient manufacturer has the strongest bargaining advantage in this case. Also, in the whole-chain test MDiff20 is modestly statistically different than MDiff0 (p = .06) and Base (p = .05). Interestingly, SDiff20 is not as impacting as MDiff20, attesting to the importance of the M-R negotiations in the second stage of bargaining.
C. How are profits distributed in the supply chain?
Our experiments investigated how profits will be distributed along the supply chain, whether this depends on the level of horizontal competition in each tier, and whether the results conform to theory. Figure 5 plots the average profits earned by each tier of the supply chain in each treatment. It is clear that there is substantial variation in the profit distribution between the treatments. Retailers tend to consistently capture the largest share of the profit (earning between 40% and 60% of the total profit). Supplier and manufacturer profits vary widely across treatments, with suppliers earning between 10% and 40%, while manufacturers earn between 15% and 30%. Additionally, note that even when two firms in a tier have equal costs, and are therefore highly competitive, the winning firm still earns positive profits. Hence, it does not appear that firms are bargained down to their reservation profit.
Profits as a function of horizontal competition: Comparative statics
The only extant theory that predicts the profit distribution in multi-tier supply chains with horizontal competition is Lovejoy's (2010b) Balanced Principal (BP) model. This model predicts the outcomes shown in Table 2 . A bracketed interval means that the BP solution is not unique. In those cases, every profit profile between the endpoints is a BP solution, with the endpoints preserving a total surplus of 30 (profits sum to 30). So, for example in MDiff0 all (supplier, manufacturer, retailer) profit distributions λ × (0, 0, 30) + (1 − λ) × (10, 0, 20) as λ ranges from 0 to 1, are BP solutions. As described in Lovejoy (2010b), nonuniqueness results when there is a "profit bottleneck" in the chain, which is a stage where the horizontal value-adding cost differential (∆c) is large relative to its downstream neighbor (for example, when ∆c in the supply tier is larger than ∆c in the manufacturing tier). In those cases, the noncompetitive tier can extract a lot of value, leaving little for downstream tiers to bargain over. Or, alternatively, the retailer can extract a lot of value, leaving little for the uncompetitive tier to extract from its neighbors.
Both of these are plausible outcomes, or anything in between. In our experimental setup cases were ∆c in the manufacturing tier is smaller than that in the supplier tier (that is, MDiff0 and SDiff20) can generate non-unique BP solutions. In contrast, when ∆c is nonincreasing going upstream in the supply chain, the BP solution is unique.
Several predicted trends in tier-specific profits as a function of horizontal competition (in the same and alternative tiers) are robust to non-uniqueness issues. For example, retailer profits can be expected to be decreasing (or at least non-increasing) as ∆c in the manufacturing tier increases, because the prediction interval for MDiff0 is everywhere (except for a single point) above the predictions for the Base and MDiff20 treatments. supported (p < .01).
We also tested the single "no prediction" outcome from theory by testing for any significant trend (in any direction) of supplier profits as a function of horizontal competition in the manufacturing tier. The result was no statistically significant effect on supplier profits as a function of manufacturing competition (p = .4).
The predictions of the BP theory are largely supported for tier-wise profits as a function of horizontal competition in the same and alternative tiers. The exception is the prediction of indifference in the manufacturing tier as a function of competition in the supply tier.
The intuition behind the theoretical prediction is that because the efficient supplier can contract with both manufacturers during the first stage, the two manufacturers should be able to strike the same agreement with the supplier. Therefore, whether the supplier ought to be able to capture a large or a small profit, this should add the same amount to the cost of both manufacturers, and therefore the cost difference between the manufacturers should be preserved. However, our experimental outcomes differ from this prediction.
Manufacturers make more than predicted (see Table 6 below) when supplier competition is high in SDiff0 and Base but the same as predicted when competion is low in SDiff20, while
Retailers make less than predicted with high competition. Suppliers, by contrast, make approximately the predicted amount in each case. Hence, the departure from theory in the effect of supplier competition on manufacturer profits is not a function of the suppliermanufacturer negotiations, but of the subsequent manufacturer-retailer negotiations where the retailer bargains less aggressively than predicted. In summary, the BP predictions for the effect of tier-wise competition are generally supported, the sole exception being where a remote tier drives the results and does so by bargaining less aggressively than anticipated.
Profits as a function of horizontal competition: Regression analysis
As a further test of the prediction that tier-wise profits (π) are driven by ∆c m and ∆c s , we ran three regressions with (supplier, manufacturer, retailer) profit as dependent variables and indicators for manufacturer and supplier cost differences being 10 or 20:
We included data from all five treatments together in the same regression. We included the period in the regression to account for any learning or fatigue effects over time. Recall that BP theory (see Table 2 ) predicts that supplier profits will increase as horizontal competition in the supplier tier decreases (∆c s increases), with no prediction as a function of ∆c m ; manufacturer profits will increase in ∆c m and remain the same in ∆c s , and retailer profits will decrease as either ∆c m or ∆c m increase.
The regression results are shown in Table 3 . The period has no significant effect, so there is no evidence of learning or fatigue effects over time. The profits to the various tiers behaved as follows. In summary, the regression results suggest that retailers are hurt by decreased competition in either upstream tier (losing between a fifth and a third of their profit), both manufacturers and suppliers are helped by decreased competition in their own tier (doubling their profits in the best case), suppliers show mixed effects of decreased competition in the manufacturing tier, and manufacturers are hurt by decreased competition in the supplier tier.
All of these are consistent with theory except the last one, as discussed above.
Whole-chain profit profile
One of the predictions of the multi-tier BP theory is the relative distribution of profits throughout the chain, i.e. who gets the available surplus? Even in the non-unique cases there are profitability patterns that are robust to the range of predicted outcomes. For example, in the MDiff0 case the predicted supplier profits are in the range [0,10], the predicted manufacturer profit equals 0, and the predicted retailer profit is in the range [20, 30] . All of these outcomes satisfy the inequalities M ≤ S < R. We test this by considering the space of strict inequalities 7 , in which there are six possible events (M < S < R, S < R < M , etc.). We test the null hypothesis that the population proportion of outcomes with the BP predicted ordering significantly exceeds what one would expect from random outcomes. For example, let x equal the proportion of outcomes in the MDiff0 treatment with the predicted ordering M < S < R. We test the null hypothesis H 0 : x = 1/6 against the alternative H A : x = 1/6. For the Base case and SDiff20 there is no strict three-tier ordering predicted by theory, but there are predicted pairwise orderings. For example for SDiff20 BP predicts M ≤ S and M < R. Again using a sample space of all possible 3-tier strict orderings, the two pairwise results in SDiff20 occur simultaneously in 2 of the six ordering, so the natural null hypothesis is x = 1/3 if the outcomes were 7 This is more conservative, and simplifies identifying the relevant null hypothesis. If we allow for ties where BP predicts, and use the same null hypothesis probabilities, all our results are the same except SDiff20 now matches the BP order 54% of the time (p = 0.01).
random (and likewise for the Base case outcomes). Proceeding similarly for the remaining treatments, Table 4 shows the hypotheses and relative frequencies under random selection.
The results of these tests are shown in Table 5 .
The predicted profit profile occurred in approximately two-thirds of the outcomes for three cases (MDiff0, Base and SDiff0) -a significantly higher frequency than random ordering would predict (p < 0.01 for each). For MDiff20 and SDiff20, however, while the predicted pattern occurred directionally more often than the null the differences were not statistically significant. For MDiff20 the strong bargaining position of the Manufacturer seemed to disrupt negotiations in both stages -The retailer only earned more than the manufacturer (as predicted) in 52% of chains, while the manufacturer only earned more than the retailer in 63% of chains. For SDiff20 there were a large number of cases where the supplier and manufacturer earned equal profits -as described in the footnote above this is consistent with the BP prediction but not accounted for in the conservative test. If we include these ties a majority of the outcomes match the BP order.
Point estimates for profitability
The BP predictions for profits to each tier, and the median experimental outcomes are shown in Table 6 . While the median outcomes are consistent with BP's predicted relative profit profiles (as we expect given the results of the previous section), the point predictions are significantly different from the experimental outcomes in more than half the data 8 . In general, we find that
Retailer profits are generally lower than predicted Manufacturer profits are sometimes higher than predicted Supplier profits are sometimes higher than predicted
As described above, retailers bargained less aggressively than theory predicts in the majority of cases, lowering their profits. This leaves more for the manufacturers and suppliers, and both do as well or better than predicted in all cases. We will return to this point below.
IV. A comparison of BP and LF supply chain models
8 We use Wilcoxon rank-sum tests.
There is no predictive LF model for our stage 1, 2 × 2 negotiations. However, in stage 2 we will have either a 2 × 1 or 1 × 1 model, for which both BP and LF solutions are available.
Which model is more predictive of outcomes?
A. Comparisons of mean absolute errors LF models need to identify a leader -i.e. who is endowed with the ability to make "take it or leave it" offers -and leadership can reside either in the manufacturing tier or the retailer tier. If we declare the retailer the leader (case RL), the subgame perfect equilibrium is for her to declare a price infinitesimally larger than the full cost of the (ex post) most efficient manufacturer, capturing all of the available value for herself. If we declare the manufacturing tier as the leader (case ML), there are two possibilities. If there is only one viable manufacturer (a 1 × 1 bargaining system) the sole manufacturer will capture all of the value, leaving the retailer with nothing. If there are two viable manufacturers (a 2 × 1 bargaining system) we have a complete information common agency problem (Bernstein and Whinston 1986), which has the subgame perfect solution of the (ex post) efficient manufacturer getting the contract for a price equal to the full cost of his competitor, thereby capturing the full ∆c m for himself. The BP solution is for the efficient manufacturer to get the contract but get only one half of ∆c m for himself in the 2 × 1 case and half the total surplus in the 1 × 1 case. Figure 6a shows the mean absolute error between these model predictions and experimental results for manufacturer profits 9 .
Specifically, for each chain we computed the predicted manufacturer profit for BP and the two LF models (RL and ML) given the outcome of the first stage negotiations. We then computed the absolute value of the difference between the predicted and actual outcome.
Finally, we took the mean of these values over all chains (the median errors are very similar). Visually, BP is the best model overall and RL is the worst. Rigorously, we used a pairwise, two tailed Wilcoxin signed rank test for the equality of medians with the following results. BP is more accurate than RL in all treatments (p < 0.01 for all); BP is statistically indistinguishable from ML in all cases except MDiff20, when BP is unambiguously better (p < 0.01); ML is better than RL (p < 0.01), except MDiff20 and SDiff20 for which ML 9 Examining retailer profits yields the same comparison, except in cases where the inefficient manufacturer is chosen, reducing the total surplus from what the three models predict. To account for that we also examine the manufacturer's profit share, shown in Figure 6b and discussed below.
and RL are indistinguishable. Hence, we find that the BP model is equal or better than any LF model in all treatments. Interestingly, using a standard principal-agent style of model with a retailer principal is the worst among these alternatives. If researchers want to adhere to LF models of some sort, these results suggest the common agency format (ML) is superior to the single-leader format (RL).
One complicating factor in comparing the models is that in between 15% and 35% of cases the ex post inefficient manufacturer is selected, which reduces the amount of available surplus. Neither BP nor either of the LF models predict this outcome, and hence looking at the profit levels can be a bit misleading in that one of the models may appear to have a small error not because it correctly predicted that a firm would receive a small portion of the full surplus, but because the whole surplus had shrunk. To account for this we also express the models' predictions as predicted profit shares, and compare the differences between the predicted manufacturer shares and the observed profit shares (shown in Figure 6b ). This comparison gives a similar impression of the three models. The RL model is again the worst (with BP being significantly better in all five cases, and ML being better in four cases). BP is still arguably better than ML, although the comparison is closer: the three models are statistically indistinguishable in three cases, BP is much better than ML in MDiff20 (average error = 14% versus 40%, p < 0.01), while ML is slightly better than BP in SDiff0 (average error = 13% versus 18%, p = 0.04).
V. Best estimate for profits as a function of competitive context
We noted above that there is at least one situation where the manufacturer gets more than is theoretically predicted. We can generalize our prediction for the profit to the active manufacturer in stage 2 negotiations to α∆c m in the 2 × 1 case, and α(r − c 1 ) in the 1 × 1 case, for some α ∈ [0, 1]. The BP model sets α = .5, an RL model would set α = 0 and an ML model would set α = 1. We know from above that the BP model is, generally, the best among these options, but we can also ask what the best α would be, based on our experimental results? Table 7 presents the regression results for estimating the best-fitting α for our data.
Columns (1) and (2) report the estimates for fitting α to manufacturer profit levels, while columns (3) and (4) fit manufacturer profit shares (to account for surplus changes due to selecting the inefficient manufacturer). Columns (1) and (3) fit a single α for all five treatments, while columns (2) and (4) fit a separate alpha for each treatment. Again, BP does quite well across these comparisons. The best-fitting α is not statistically different from the BP prediction of 0.5 for either profit levels or profit shares, and the point estimates are numerically very close. Similarly, the treatment-specific estimates of α are not significantly different from the BP assumption in two of the five treatments for both profit levels (MDiff0 and MDiff20) and profit shares (MDiff20 and SDiff20). In the other cases we find that the best fit gives somewhat more profit to the manufacturer -as we would expect from our previous analysis. By contrast, both the RL assumption of α = 0.0 and the ML assumption of α = 1.0 can be rejected for each profit measure, both overall and for each treatment. Hence we can conclude that BP does very well as a benchmark theoretical model, and that at most one might want to adjust the model to be slightly more generous to manufacturers.
VI. Effect of individual (subject) differences
We next examine what effect (if any) the individual characteristics of each firm in the supply chain have on the distribution of profits. In particular, we assess whether a firm's risk attitudes or social preferences change the average level of its profits. We use the lottery choice task and the dictator allocation task (described in Section II.D) to determine a subject's preference type. We identify subjects as risk averse if they chose the "safe" option more than the median amount (8 out of 15 times). 29% of subjects were risk averse by this measure. We use the pattern of a subject's choices across the five allocation decisions (with different token valuations) to identify four (not mutually) exclusive characteristics:
selfishness, altruism, inequity aversion ("fairness"), and social welfare maximization ("efficiency"). Subjects were identified as being in the (approximate) top quartile of each preference type in the following manner:
1. Selfish: Subjects were labeled as selfish if they kept the full endowment in all decisions (30% of subjects) 2. Altruist: Subjects were labeled as altruistic if they kept no more than 138 tokens in total (25% of subjects) 3. Fairness: Subjects were labeled as fair if their allocations had a total absolute payoff difference of no more than $7 (25% of subjects)
4. Efficiency: Subjects were labeled as efficiency-maximizing if their allocations created a total surplus of more than $20 (17.5% of subjects) Tables 8a-8c report the results of regressing supplier, manufacturer and retailer profits on indicator variables for each of these individual characteristics (with each specification including indicators for one characteristic). While we find a few significant coefficients, there do not appear to be overall consistent patterns. For example, while a manufacturer's profits decrease with their own risk aversion, a retailer's profits are not affected by risk aversion, while a supplier's profits increase with the retailer's risk aversion. Social preferences appear to matter mostly for the manufacturer-supplier relationship, with profits decreasing when the other party is selfish and increasing when the other party is fair. Furthermore, it is important to note both that we are testing a large number of coefficients, and that the estimated effects are small compared to the effects of competition (which are as much as six times as large). Hence, it appears that the effect of individual characteristics are small compared to structural factors (consistent with the social psychology literature discussed in section III.C).
VIII. Summary and conclusions
Central questions in the study of supply chain performance are those of efficiency (is the total profit maximized?) and distribution (who gets the potential profits in the chain, driven by what contingencies?). In this paper we study these and other questions in the context of a three-tier, 2 × 2 × 1 (suppliers -manufacturers -retailer) supply chain with varying levels of horizontal competition in the manufacturer and supplier tiers. Bargaining unfolds in a manner sympathetic to many real supply negotiations between a market-facing firm and its tier 1 suppliers, and between tier 1 and tier 2 suppliers. Despite its sympathy with industrial reality, to the authors' knowledge this is the first experimental study of a supply chain with more than 2 tiers and horizontal competition within tiers.
We find that chains form with high probability and supply chain efficiency is high across all treatments. Profits are influenced by the degree of horizontal competition in each tier, in a manner that is largely consistent with the Balanced Principal (BP) model of supply chain negotiated prices. Specifically, profits in a tier will generally increase with less competition (higher ∆c) in the tier, and decrease with less competition in other tiers. Deviations from predicted outcomes tended to be in the direction of more equitable distributions of wealth, where (the retailer primarily) does not extract all of the value that she theoretically could demand.
There is no alternative theoretical prediction for our stage 1 negotiations known to the authors, but stage 2 negotiations can benefit from leader-follower (LF) as well as BP predictions. The BP model outperforms both types of LF model (with either the retailer or the manufacturing tier in the role of leader). If we restrict attention only to LF models, declaring the manufacturing tier as leader is best. This is interesting, given the tendency in the literature in n × 1 models to declare the 1 player the leader. Our results suggest that the common agency approach (with the n-firm tier as leader) is more predictive of actual outcomes. Neither, however, is as effective as the BP model.
The BP model predicts that when there are two viable manufacturers negotiating with a single retailer, the efficient manufacturer will get the contract and enjoy profits equal to .5∆c m . We generalize this to assuming profits equal to α∆c m and estimate the best α from our experimental data. Pooling all treatments, α is not significantly different from .5 (its best fitting estimate equals .57), but in specific treatments the best α can differ significantly from .5. When this happens it is in the direction of more equitable distributions of wealth (the retailer does not bargain as aggressively as predicted).
The cost profile in the chain dominates personal negotiator characteristics (such as risk aversion, altruism, etc.) in influencing outcomes. This is consistent with current intuition that structural characteristics dominate interpersonal differences in these settings. (1) and (2), and Manufacturer profit share in (3) and (4). *** p<0.01, ** p<0.05, * p<0.1 Standard errors clustered at the session reported in parentheses. This table represents five different regressions. In each, the dependent variable is Supplier profit. There are the usual treatment and period dummies (listed under "Treatment Controls"). "Retailer has Trait", "Manufacturer has Trait" and "Supplier has Trait" are dummy variables equaling 1 if the specified firm has the indicated trait [is risk averse in (1), is selfish in (2), is an altruist in (3), is inequity averse in (4) or is surplus maximizing in (5)]. Standard errors clustered at the session reported in parentheses. This table represents five different regressions. In each, the dependent variable is Manufacturer profit. There are the usual treatment and period dummies (listed under "Treatment Controls"). "Retailer has Trait", "Manufacturer has Trait" and "Supplier has Trait" are dummy variables equaling 1 if the specified firm has the indicated trait [is risk averse in (1), is selfish in (2), is an altruist in (3), is inequity averse in (4) or is surplus maximizing in (5)]. Standard errors clustered at the session reported in parentheses. This table represents five different regressions. In each, the dependent variable is Retailer profit. There are the usual treatment and period dummies (listed under "Treatment Controls"). "Retailer has Trait", "Manufacturer has Trait" and "Supplier has Trait" are dummy variables equaling 1 if the specified firm has the indicated trait [is risk averse in (1), is selfish in (2), is an altruist in (3), is inequity averse in (4) or is surplus maximizing in (5)].
